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Abstract. We explore the potential for the direct detection of light fermionic dark matter in neutrino
detectors. We consider the possible observation of the process ¯f p → e+n, where f is a dark
matter fermion, in a model-independent manner. All operators of dimension six or lower which
can contribute to this process are listed, and we place constraints on these operators from decays of
f which contain γ rays or electrons. One operator is found which is sufficiently weakly constrained
that it could give observable interactions in neutrino detectors. We find that Super-Kamiokande can
probe the new physics scale for this operator up to O(100 TeV).
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INTRODUCTION
Despite years of effort, little is known of the nature of dark matter (DM). We do not
know how many species of DM exist, what their masses are, how they interact with
each other, or how they interact with Standard Model (SM) particles. Given this lack
of knowledge of the properties of DM, we choose a possible interaction between DM
and SM particles with a distinctive experimental signature and study it using a model-
independent approach. We perform an effective-operator analysis of the interaction
¯f p→ e+n and its observability in neutrino detectors. This talk is based largely on [1].
In the usual DM direct detection scenario, a DM particle is taken to scatter elastically
off of some SM particle, such as an atomic nucleus. In this case, the momenta of the
final-state particles are of the order of the momentum of the incoming DM particle.
Instead, the interaction we consider is inelastic; we take m f >> me. In this case, the
energy of the outgoing e+ is very close to m f . Thus, the experimental signature of this
interaction is similar to that of the well-studied SM neutrino interaction ¯νep → ne+,
except that the e+ is essentially monoenergetic. If m f ∼ 1− 100 MeV, then we could
expect that existing solar and reactor neutrino detectors may be able to observe this DM
interaction. Although we do not assume that m f is in this range, we find, after insisting
that f be long-lived and decay sufficently slowly into easily observable final states
containing γ rays and e+e−, that the least constrained range for m f is . O(100 MeV).
We now discuss the basis of operators which can contribute to ¯f p→ e+n.
OPERATOR BASIS
Here, we list our operator basis. We take f to be a fermion and an SM singlet. We
consider operators up to dimension six which are invariant under the SM gauge group
SU(3)×SU(2)×U(1); we eliminate redundant operators using integration by parts and
the equations of motion for the fields. We exclude operators which contribute at tree
level to neutrino mass, as these are tightly constrained. With these criteria, we obtain
OW = g ¯Lτa ˜φσ µν fW aµν
O
˜V =
¯ℓRγµ f φ †Dµ ˜φ
OV R = ¯ℓRγµ f u¯Rγµ dR, (1)
OSd = εi j ¯Li f ¯Q jdR
OSu = ¯L f u¯RQ
OT = εi j ¯Liσ µν f ¯Q jσµνdR
where L and Q are the SM SU(2) lepton and quark doublets, ℓR, uR, and dR are the SM
SU(2) singlets, φ is the SM Higgs field, and ˜φ = iτ2φ∗. All of the operators OI are
dimension-six and thus suppressed by Λ2, where Λ is a new physics scale, and each of
the OI is multiplied by a coefficient CI . In all of these operators, f is right-handed.
We now constrain these operators using DM lifetime and decays.
CONSTRAINTS FROM DARK MATTER LIFETIME
We now place limits on the above operators by insisting that f have a lifetime at least
as long as the age of the universe and that it decay to easily observable SM final states
sufficiently slowly to have not yet been detected.
The operator OW gives the tree-level decay f → νγ . DM decays to a two-particle final
state which contains a photon are constrained [2] to occur on a timescale & O(1026 s)
for DM masses between ∼ 1 MeV and ∼ 100 GeV. From these limits, we obtain
|CW |2
Λ4 .
1
(8×107 TeV)4
(
1 MeV
m f
)3
(2)
which is far beyond the reach of present-day terrestrial experiments.
O
˜V gives a tree-level decay f → e+e−ν . DM decays containing e+e− are constrained
[3] to occur on a timescale & 1017 years for values of m f relevant here. Thus, we obtain
|C
˜V |
2
Λ4 .
1
(1−4×106 TeV)2
(3)
where the range of values corresponds to the range of m f which will be relevant for
Super-Kamiokande, 20 MeV < m f < 80 MeV. Again, the new physics scale for this
operator is constrained to be far beyond what is accessible at terrestrial experiments,
and is more strongly constrained for larger values of m f . We will use the limits on these
two operators to get limits on the others via operator mixing.
If m f > mpi +me, OV R will give the tree-level decay f → pi+e−. Therefore, for this
operator, we only consider the low-mass region, m f .mpi . At one-loop order, OV R mixes
into O
˜V and thus gives the decay f → e−e+νe. However, the diagram for this mixing is
suppressed by both the u and the d Yukawa couplings. This suppression greatly weakens
the lower bound on the new physics scale for this operator. We find
|CV R|2
Λ4 .
1
(20 TeV)4 (m f = 20 MeV)
.
1
(50 TeV)4 (m f = 50 MeV) (4)
.
1
(80 TeV)4 (m f = 80 MeV).
As the one-loop mixing into O
˜V does not accurately represent contributions from loop
momenta below a few hundred MeV, we also consider the diagram where f decays to
e−e+νe via a virtual pi+. This diagram, however, gives weaker constraints on the new
physics scale, ranging between a few and 50 TeV.
Given the relatively weak limits from DM decays on OV R, we consider constraints
from OV R mixing into OW , f −ν mixing (which gives f → e−e+νe and f → νν ¯ν), and
pi+ decay. These limits are not competitive with that from mixing into O
˜V .
Finally, we constrain OSd , OSu, and OT through their mixing into OW . For these
operators, this mixing is suppressed by only one small Yukawa coupling, and, thus the
lower bound on the new physics scale for these operators is > 103 TeV.
For the rest of this work, we consider only the most weakly constrained operator, OV R.
SIGNATURES IN NEUTRINO EXPERIMENTS
In order to evaluate the observability of the interaction ¯f p→ e+n in neutrino detectors,
we must have some idea of the possible ¯f flux at the Earth’s surface. As the mass density
of DM is thought to be of order ∼ 0.3 GeV/cm3 [4], and its velocity v f relative to the
Earth is believed to be approximately O(10−3) (for c = 1) [5], we can estimate the ¯f
flux Φ
¯f for the case where ¯f comprises all of DM. We obtain
Φ
¯f ∼
0.3 GeV/cm3
m f
v f c∼ (1010,109,108)/cm2s (5)
for m f = (1,10,100) MeV, respectively. We can then compare this with the limit on the
relic supernova ¯νe flux for 19.3 MeV < Eν . 80 MeV from Super-K [6] of 1.2 ¯νe/cm2s.
We then calculate the ratio of the ¯f p → e+n cross-section to that of the SM neutrino
interaction ¯νep→ e+n. We ignore the proton-neutron mass difference, the electron mass,
and any possible second-class currents. This ratio must be smaller than the ratio of the
above fluxes; we obtain
|CVR|2v4
8|v f |Λ4
≤
1.2/cm2s
(0.3 GeV/cm3)|v f |c/m f
, (6)
where v is the Higgs vacuum expectation value. This gives
|CV R|2
Λ4
.
1
(120 TeV)4
(m f = 20 MeV)
.
1
(90 TeV)4 (m f = 50 MeV) (7)
.
1
(80 TeV)4 (m f = 80 MeV).
The scale probed will of course be lower if ¯f comprises only a fraction of DM.
CONCLUSIONS
As our understanding of DM is far from complete, “nontraditional” interactions between
DM and SM particles should not be ignored. Here, we have considered the relevance of
neutrino detectors to one such possible interaction, ¯f p → e+n, in a model-independent
manner. The main conclusions from this work are twofold. First, the inelasticity of this
interaction was critical to the possible direct detection of MeV-scale DM; this may
indicate additional possibilities for the detection of light DM in existing neutrino or
DM detectors. Second, we found that the reach of neutrino detectors for observing light
DM is potentially very impressive; new physics scales of ∼ 100 TeV can be probed. It
will be interesting to see if other possibilities for direct detection of light DM can be
found.
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